Response to planting density for corn hybrids grown under narrow and conventional row spacing by Bandy, Bradley
 
 
 
 
 
RESPONSE TO PLANTING DENSITY FOR CORN HYBRIDS GROWN UNDER NARROW AND 
CONVENTIONAL ROW SPACING 
 
 
 
 
 
 
 
BY 
 
BRADLEY JOSEPH BANDY 
 
 
 
 
 
 
 
 
THESIS 
 
Submitted in partial fulfillment of the requirements 
for the degree of Master of Science in Crop Sciences 
in the Graduate College of the 
University of Illinois at Urbana-Champaign, 2014 
 
 
 
 
 
Urbana, Illinois 
 
Master’s Committee: 
 
Professor Fred Below, Chair 
Professor Steve Moose 
Adjunct Assistant Professor Laura Gentry 
 
 ii 
 
Abstract 
Over the past 80 years, increases in corn grain yield have occurred concomitantly with 
greater plant densities. In order to maintain steady improvements in grain yield, greater plant 
densities will need to be managed with population tolerant hybrids and narrower row spacing 
(e.g., 51 cm vs. 76 cm rows). Narrowing corn rows relieves intra-row competition, and provides 
the plant with a more equidistant arrangement, this allows the roots more ample space to 
explore for water and nutrients, and it also allows for more light penetration into the lower 
canopy. Previous research has shown inconsistent results with regards to narrow rows with 
mostly insignificant to small yield increases reported. In addition to row spacing, optimum plant 
densities have also been highly contested, and are likely dependent on weather in a given year, 
and individual hybrid tolerances to population stress. A study was conducted across three site-
years using narrow (51 cm) and conventional (76 cm) row spacing and five plant densities (62, 
74, 86, 99, and 111 plants ha-1 x 1000). Seed availability in each year did not allow for a 
consistent set of hybrids to be grown across all three locations, as a result, 20 hybrids were 
grown in 2012 and 24 hybrids were grown in 2013. Narrow row spacing did not significantly 
increase yield at any location, though narrower rows tended to yield more at higher planting 
densities (> 99,000 plants ha-1), and tended to yield less in lower than optimum planting 
densities (< 76,000 plant ha-1).  Differential hybrid responses to row spacing and planting 
density were also observed with some hybrids producing greater yield in narrow rows and few 
hybrids indicating producing lower yields in narrow rows. In general, hybrids that performed 
well in conventional row spacing also performed well in a narrow row system. 
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Literature Review 
Corn Planting Density 
 Yield gains in the past 70 years are due to changes in cultural practices and 
contributions from plant breeding (Duvick,1997; Duvick et al., 2004; Duvick, 2005). Of the 
cultural practices that have changed, perhaps the most influential practice is plant density. 
When corn is grown in low densities, yield is limited by insufficient number of plants, but at 
high densities yield is limited due to increased number of aborted kernels and barren stalks 
(Hashemi et al, 2005). Another challenge is to identify optimum densities for individual hybrids, 
as some may have widely contrasting optimum densities (Sarlangue et al., 2007). Yield 
differences between older and newer hybrids result from greater tolerance of increased 
planting density (Duvick, 1984), and the ability of newer hybrids to tolerate increased crowding 
stress may be attributed overall improvements in stress tolerance (Tollenaar and Wu, 1999). 
 Carlone and Russell (1987) conducted a study at Iowa State University that examined 28 
cultivars representing seven decades of corn production. This era study suggested that the 
underlying mechanism for improvements in grain yield is the ability of newer hybrids to 
overcome the stress that is associated with higher plant densities. In contrast, Cox (1996) 
showed that hybrids may not tolerate high populations in drought conditions. Similarly, drought 
conditions limited yield at higher plant populations in Illinois (Nafziger ,1994). While yield 
decreases at high planting densities may not always occur in dry years relative to lower planting 
densities, there is still risk associated with increased seeding rate due to the extra investment in 
seed (Stanger and Lauer, 2006).  
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Illinois producers are starting to realize the yield potential of new corn hybrids. Over the 
past 10 years, corn plant populations have risen from 65,112 plants ha-1 to 73,637 plants ha-1 in 
Illinois (USDA NASS, 2012), representing an increase of 11.6% during this time period. The cost 
of corn seed, however, has continued to increase and corn producers should carefully weigh 
the cost of increased seed against possible yield benefits. Thus, it is important to find the 
economic optimum plant density without considering the characteristics of a hybrid and the 
potential weather conditions during a growing season. In 2006, Stanger and Lauer conducted an 
experiment to find the economic optimum plant densities in Wisconsin. They documented 
maximum yields at densities in excess of 100,000 plants ha-1, but the economic optimum 
density was typically around 84,000 plants ha-1 regardless of the biotech traits that were in the 
hybrid. Sarlangue et al. (2007) also document yield increases resulting from greater planting 
density, and noted that shorter season hybrids typically had greater yield responses to 
increased plant density.  
Stanger and Lauer (2006) conducted field trials that were aimed to examine if Bt 
(Bacillus thuringiensis) hybrids had a greater optimum densities compared to their non-Bt 
counterparts, because Bt hybrids are hypothesized to be more efficient at recovery of soil water 
and nutrients. They found that the biological optimum plant density for Bt hybrids was near 
105,000 plant ha-1 and the biological optimum plant density for non-bt hybrids were closer to 
99,000 plant ha-1. Contrary to this, Coulter et al. (2010) conducted a similar experiment and 
reported that yield responded well to population with or without insect protection. However, it 
is noted that in the Coulter et al. study, the insect pressure was relatively low and that the full 
benefit of the Bt trait may not have been realized in this situation.  Genetics characteristics 
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alone are not the only factors that affect optimum plant densities; factors such as weather and 
soil fertility also contribute. It is crucial that producers and seed companies continually evaluate 
corn hybrids when they are first released to assess potential changes in economically optimum 
plant densities (Cox, 1997; Widdicombe and Thelen, 2002; Stanger and Lauer, 2006). 
Hashemi et al. (2005) conducted a 5-yr study to examine yield component responses 
(i.e., kernel number and kernel weight) as a result of crowding stress, and found that current 
density recommendations were sub-optimum, and that single ear hybrids should be planted at 
elevated populations. They also found that when corn plant density is increased, kernel yield 
per plant decreases, which was primarily to decreased kernel number per row on the ear. The 
number of ears per plant and individual kernel weight also contributed to the reduction in per-
plant productivity. Specific growth stages (between V5 and flowering) were most sensitive to 
crowding stress (Hashemi et al., 2005). These stages may be more sensitive to stress compared 
to early seedling growth and the grain filling stages because kernel row number is established 
by V6 and resource availability influences kernel abortion during the days immediately 
following pollination.  
Row Spacing 
Early in the 1900s row width was approximately 101.6 cm. Producers at that time were 
not specifically focused on identifying the optimum row width for maximum grain yield, but 
rather based their row width on the distance required for a horse or mule to pass between the 
rows (Porter et al., 1997). The current row spacing used for corn production in the United 
States is often 0.76 m or less. Narrow row corn production (< 0.76 m) is beginning to rise in 
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popularity in Illinois. In 2009, only 1.2% of the corn in Illinois was planted in the range of 0.51 m 
or less, and in 2013 that percentage had increased to 3.6% of Illinois fields (USDA NASS, 2013). 
One of the main advantages to planting narrow row corn is that plant to plant spacing is 
maximized within the row. Farnham (2001) showed that a field planted at 79,000 plants ha-1 
(32,000 plant ac-1) in 76 cm rows resulted in a distance of 16.5 cm between seeds in the row, 
while the same density in 0.51 m rows resulted in 24.9 cm spacing between seeds in the row. 
More space between plants presumably allows for less competition for light, nutrients, and 
water.  
Faster canopy closure is another potential benefit that narrow rows provide. Light 
interception is one of the factors influencing crop productivity, and it is well known that 
maximizing the amount of light intercepted as early in the season as possible generally results 
in greater yields.  Also, rapid canopy closure is a key factor influencing the ability of a crop plant 
to compete with weeds that may be present in the field. 
There are some potential disadvantages to growing corn in 0.51 m rows. As 0.76 m rows 
are widely used, current equipment is designed to accommodate this row spacing. In addition 
to a narrow row planter, use of narrow rows requires additional equipment purchases such as a 
narrow row combine head and tractors with narrow tires. Also, the ability to cultivate or spray 
during season may be limited or result in increased damage to plants. The capital required to 
purchase the new equipment alone is enough to make some producers immediate overlook the 
potential agronomic benefits of narrow row corn production. Some of these limitations are not 
as big of a hardship as they used to be in the past if the requirements of other crops are 
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considered. For examples, producers who grow soybeans (Glycine max) or sugar beet (Beta 
vulgaris) may see a greater advantage to narrow rows in those crops which may offset the cost 
of investing in new equipment (Porter et al., 1997).  
Results of recent research on narrow row corn are mixed. In a two year study, 
Widdicombe and Thelen (2002) addressed yield differences in conventional and narrow rows 
and found that narrow rows (0.56 m) resulted in only a 2% yield increase relative to 
conventional row spacing. They reported a strong hybrid by row spacing interaction, suggesting 
that there may be hybrids that perform better in narrow rows. Shapiro and Wortmann (2006) 
had similar results; in a three year study over two sites they measured a 4% yield increase by 
reducing row widths from 0.76m to 0.51m. The largest yield increase attributable to narrow 
rows was reported by Porter et al. (1997), where in a three year study conducted across three 
locations in Minnesota, they found that yield was 7.2% higher in 10- and 20 inch rows 
compared to 30 inch rows. Yield increases in narrow rows were similar for all of the hybrids 
included in the trial. They observed no yield differences between 10 and 20 in rows; however, 
both levels of narrow row spacing were greater in yield compared to the conventional spacing. 
In a two year experiment, Van Roekel and Coulter (2012) found no grain yield difference 
between 51 cm and the 76 cm rows. The authors suggested that that corn breeders have 
indirectly selected corn hybrids with increased tolerance to crowding stress within the row, and 
that there was no benefit to alleviating this stress with narrow rows. In contrast to Widdicombe 
and Thelen (2002), Van Roekel and Coulter found that hybrids which perform well in 76 cm 
rows are probably well suited to 51 cm rows and that there is no hybrid × row spacing 
interaction.  
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Farnham (2001) conducted a three year study, with six locations in Iowa. He observed 
no yield differences between 76 cm rows and 38 cm rows. Farnham (2001), however, did detect 
a significant hybrid by row spacing interaction, and he suggested that there may be specific 
hybrids that are better adapted to respond to narrow rows. Collectively, these reports indicate 
that a hybrid × row spacing interaction may exist, but that it has not occurred consistently in all 
studies. Further work is needed to investigate this interaction across a range of planting 
densities and corn hybrids.   
Hybrid 
 From the late 1890’s to the late 1930’s, hardly any grain yield increases were realized in 
commercial corn production (Tollenaar and Wu, 1999), and national average corn yields were 
actually trending downward. The introduction of double cross hybrids in the 1930’s became 
one of modern agriculture’s greatest achievements. Double cross hybrids rapidly grew in 
popularity; in 1935 approximately 10% of the corn in Iowa was hybrid corn, and only 4 years 
later that number had spiked to 90% (Crow, 1998). Double cross hybrids became the dominate 
type of corn in the Midwest until the 1960’s. In the 1960’s corn breeders had selected higher 
yielding inbred lines, and this allowed them to replace double cross hybrids with single cross 
hybrids (Crow, 1998). Single cross hybrids are still the vast majority of the corn that is planted 
today. The recent era of corn production has provided an astonishing increase in grain yield. 
Before hybrid corn there was little to no increases in yield, the release of double cross hybrids 
provided a .05 Mg increase in yield per year, and the release of single cross hybrids provided a 1 
Mg increase in yield per year (Crow, 1998).  
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Increases in grain yields from the 1930’s, when average grain yield was about 1 Mg ha-1, 
to the 1990’s when average grain yields were about 7 Mg ha-1, are due to genetic improvement 
of hybrids as well as agronomic improvements. As a result, the interaction between genetics 
and agronomic management practices must also be considered (Tollenaar and Lee, 2002), 
particularly the interaction between genetics and increased planting density.   
 Greater stress tolerance has contributed a relatively large portion of genetic yield 
increases (Tollenaar and Wu, 1999; Tokatlidis and Koutroubas, 2004). For example, Duvick 
(1984) conducted an experiment to determine contribution of genetic improvement to gains in 
corn grain yield. He selected 47 hybrids that were grown in Iowa from the time period of 1934 
to 1978, and planted these hybrids at three different densities. The densities were selected to 
represent a common practices in the 1930’s (30,000 plant ha-1), 1970’s (47,000 plants ha-1), and 
a density that would d be considered high for 1970’s (64,000 plants ha-1). The results showed 
that approximately 89% of the yield gains realized over the previous five decades had resulted 
from genetic improvement, and that increased planting density was necessary to achieve the 
full yield potential of the most recent hybrids.   
 Yield and yield stability have been the primary selection criteria used by commercial 
breeders, but they have also bred for pest resistance, lodging susceptibility, and other key plant 
attributes (Duvick and Cassman, 1998).  In an experiment by Tollenaar and Wu (1999), the 
authors found that uniformity and grain yield are highly correlated across genotypes and 
environments, and they also suggested that selection for plant uniformity may be an attribute 
that will increase grain yield in the future. The increased planting densities used currently in 
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corn production results in greater intra-specific competition and this competition likely leads to 
variability among plants within the field (Rossini et al., 2011). Variability in stand can be 
detrimental to yield because those plants which lose their competitive advantage often do not 
contribute an ear, and may also prevent more vigorous plants from accessing greater quantities 
of water and soil nutrients. Plant densities in the past 50 years have increased on an average of 
about 1000 plants ha-1 year-1 (Duvick, 2005), and densities are expected to follow this trend to 
increase corn grain yield in the future. Genetic improvement of plant density tolerance as well 
as advances in planting equipment will be required to minimize intra-specific competition and 
realize the potential of more plants per acre.  
With the more density tolerant hybrids grown today,  planting densities at which 
maximum grain yield occurs has been increased (Tokatlidis and Koutroubas, 2004).  Density 
stress tolerance traits are going to be a major contributor to yield in the future. Traits such as 
decrease root lodging in high planting densities, and more upright leaf angles that will allow sun 
light to penetrate the canopy will allow corn to use light more efficiently, and will all be factors 
in allowing increases in yield to continue in the future (Duvick and Cassman, 1998).  
Mansfield and Mumm (2013) conducted an experiment to identify plant density 
tolerance mechanisms in corn hybrids representative of the major U.S. heterotic patterns. They 
identified hybrids with characteristic in which they think can be exploited to help develop more 
plant density tolerant hybrids in the future. Identifying and breeding for these characteristics is 
imperative because today’s hybrids produce about the same amount of grain per plant as they 
did 50 years ago, but they do so at significantly higher densities (Duvick, 2005), and in order to 
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meet future global demands for food we are going to need to get all the yield we can get on a 
per plant at significantly higher planting densities.  Higher than the current average plant 
densities will no doubt be a necessity in the future years of corn production, and selecting a 
hybrid based on its plant density tolerance characteristic is going to be one of the most 
influential ways maximized yield are realized.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 10 
 
Introduction 
Corn (Zea mays L.) is a major global commodity providing food, energy, and industrial 
goods to the world. The United States is the largest producer and exporter of corn in the world, 
planting 80 million acres to corn in 2013 (USDA ERS, 2013).  With global population expected to 
exceed 9 billion by 2050, agricultural researchers have the task of keeping production up with 
the anticipated future demand. There are disagreements on how much food is going to be 
needed in the future, but there is no doubt that a substantial increase in crop production will 
be required to meet the demand. Greater agricultural production to feed and fuel a growing 
world population necessitates maximum productivity from every hectare.  
There is a finite amount of arable land available for production agriculture, and this land 
is rapidly converted for other uses such as urban sprawl and residential development. With 
these limitations, realizing more of the genetic yield potential of key crop species such as corn 
will become an important strategy to offset a decreasing land base (Duvick and Cassman, 1999). 
The current yield potential of corn is at least three times greater than the current national 
average yield (Tollenaar and Lee, 2002), indicating that improved agronomic management is 
necessary to exploit the full yield potential of modern germplasm.  
The United States has averaged a 1.9% annual yield increase in corn production since 
1950 (USDA NASS). While breeding advancements have improved yield potential or stress 
tolerance (e.g., hybrid seed corn, biotechnology traits, etc.) agronomic advancements including 
increased plant densities, narrower row spacing, better weed and pest control, and nitrogen 
fertilizers have been used to help realize this potential (Carlone and Russell, 1987). Some of the 
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most recent gains in grain yield are due to increased management and the introduction of corn 
hybrids that are genetically modified using molecular biology.  
Genetically modified corn has been an impressive innovation that has proved to be 
worth the time and expense of it development. Corn hybrids genetically modified to express 
insecticidal proteins from the soil bacterium Bacillus thuringiensis (Bt) result in protection from 
above ground and below ground insects such as corn rootworm (Diabrotica spp.) and European 
corn borer (Ostrinia nubilalis). . There are also recent genetically modified corn hybrids that 
have genes inserted in them to help them tolerate drought stress. These genes, if properly 
advanced, could prove very useful in areas of the world where water limits the ability to 
consistently produce a corn crop.  
Corn breeders have recently received most of the credit for increased grain yields; 
however, future improvements will likely necessitate a union between corn breeders, 
geneticist, and producers to make the most out of every hectare. The most substantial yield 
gains may be realized when increased plant density tolerance, which will result from breeding 
and biotechnology improvements, is coupled with more intensive producer management. 
Intensive management will attempt to minimize plant stress through optimized fertility, weed, 
disease, and residue management.  
Since the 1960’s food production has increased more rapidly than the global population 
(Gilland, 2002), however, that trend is expected to change. A more recent challenge is that 
developing countries are not maintaining food production for their level of population growth. 
Some factors contributing to limited production include resistance in adopting current cropping 
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practices, their slow acceptance of genetically modified organisms, and lack of current 
agronomic knowledge.  
As researchers and producers look to the future of increasing corn grain yield, they 
cannot simply rely on achieving yield increases with genetics alone. In fact, only 50-60 % of the 
increases in grain yield in the last 70 years are attributed to the continued genetic 
improvements with the other 40-50% attributed to advancements in agronomic management 
(Duvick, 2005). It is likely that the majority of the gains in yield that will be seen from now on 
will be a function of agronomic management decisions and the corresponding genetic × 
management interaction. With the theoretical yield of about 25 Mg ha-1 that is estimated for 
corn grown in the Midwest (Tollenaar and Lee, 2002) we have only scratched the surface of 
unleashing the intrinsic yield potential of corn. The three management factors examined in this 
study (hybrid, plant density, and row spacing) have individual effects on corn grain yield, but 
their potential interactions are still poorly understood. The objectives of this study were to 
examine if narrow rows would produce higher yields than conventional rows, and to examine 
how plant density and hybrid selection influences both row configurations.  
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Materials and Methods 
Locations 
This experiment was conducted at the Crop Science Research and Education Center 
(CSREC) (40° 2'47"N, 88°14'4"W) in 2012 and 2013 near Champaign, IL. An additional location in 
western Illinois was used in 2012 near Rushville, IL (40° 1'30"N, 90°31'18"W). All locations were 
tile drained and non-irrigated soils. The fields at the CSREC were located within close proximity 
to each other, approximately 1 km apart. The soils in Champaign in both years were level (0-2% 
slope) and classified as Drummer silt clay loam and Flanagan silt clay loam. The soil in Rushville 
was level (0-2% slope), and classified as a Virgil silt loam and Wilber silt loam. 
Experimental Design 
This experiment contains three different treatment factors (row spacing, hybrid, and 
plant density) (Table 1). Due to the inability to completely randomize row spacing, treatment 
levels of this factor were in a split-plot arrangement. Hybrid and plant density were in a split-
block arrangement within each main plot. Plant density corresponded to ‘ranges’ within the 
field and hybrids were assigned to strips perpendicular to levels of plant density. Each row 
spacing × hybrid × plant density treatment was replicated four times within each location.  
Individual plots consisted of two rows, 5.3 meters long, with either 0.51 m or 0.76 m 
row spacing. Five plant densities (62, 74, 86, 99, 111 plants ha-1 x 1000) were selected to 
represent a range of potentially sub-optimal (62,000 plants ha-1), optimal (86,000 plants ha-1), 
and supra-optimal (111,000 plants ha-1) densities for Illinois. This experiment was repeated in 
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2013 with hybrids modified (Table 2) at CSREC near Champaign. In 2013 there were twenty four 
hybrids, five plant densities (62, 74, 86, 99, 111 plants ha-1 x 1000), and two different levels row 
spacing (.76 m, and .51 m).  
Hybrids were selected for adaptation to the locations used as well as to represent a 
range of different seed brands and genetics. Seed availability in each year did not allow for a 
consistent set of hybrids to be grown across all three locations. As a result, 20 hybrids were 
grown in 2012 (Table 1) and 24 hybrids were grown in 2013 (Table 2). 
Field Equipment and Implementation  
Plots were planted with an ALMACO SeedPro 360 planter (ALMACO, Nevada, IA). This 
planter is designed with a double telescoping toolbar, which allows it to plant both 0.51 and 
0.76 m rows, as well as with variable seeding rate technology. In 2012, plots were planted in 
Rushville, IL on 6 June, and Champaign, IL on 8 June. While these planting dates are later than 
recommended for maximum yield in Illinois, availability of the narrow planter and a tractor with 
narrow tires prevented timelier planting in 2012. In 2013 the plots in Champaign were planted 
on 24 May. The previous crop at Champaign in both years was soybean, and the previous crop 
at Rushville was corn. The pre emergence herbicide that was used was S-metolachlor [2-chloro-
N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl) acetamide] +atrazine (1-Chloro-3-
ethylamino-5-isopropylamino-2,4,6-triazine) + mesotrione (2-[4-(Methylsulfonyl)-2-
nitrobenzoyl]cyclohexane-1,3-dione), (Lumax, Syngenta AG, Basel, Switzerland), which was 
applied at a rate of 7.0 L ha-1. Post emergence control was obtained with an application of 
glyphosate (N-(phosphonomethyl)glycine, in the form of its isopropylamine salt) as Cornerstone 
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Plus (Winfield Solutions LLC, St Paul, MN) at a rate of 1.2 L ha-1. Once the plants reached growth 
stage V6, a side-dress application of 109 kg N ha-1 was applied as urea (46-0-0). Tefluthrin 
insecticide (2,3,5,6-Tetrafluoro-4-methylbenzyl 3-((Z)-2-chloro-3,3,3-trifluoroprop-1-en-1-yl)-
2,2-dimethylcyclopropanecarboxylate) was applied as Force 3G (Syngenta AG, Basel, 
Switzerland),in furrow at a rate of 0.11 kg a.i. ha-1. The insecticide was placed and metered in 
furrow using the SmartBox system (Amvac Chemical Corporation, Newport Beach, CA). Prior to 
harvest, stand count measurements were taken at each location to assess emergence issues 
and to identify any planting anomalies that may have taken place. 
Both rows were harvested with an ALMACO SPC-40 plot combine (ALMACO, Nevada, 
IA). The combine is equipped with a weigh bucket and moisture blade that communicates with 
HarvestMaster’s graingauge system (Juniper Systems, Logan, UT) to provide weights and 
moistures collected on an in cab mounted field computer (Allegro MX). A subsample of grain 
was collected from the combine at harvest. Using a seed counter (Old Mill 850-2, San Antonio, 
TX) 300 kernels were counted to determine average individual kernel weight. Kernel number is 
then calculated by taking the total plot weight and dividing it by the individual kernel weight. 
Individual kernel weight and grain yield are both expressed at 0% moisture (bushels expressed 
at 15.5%).  
Statistical Analysis  
Statistical analysis for the grain yield data was performed using PROC MIXED of SAS (SAS 
9.2; SAS Institute Incorporated, Cary, NC). Hybrids were not consistent across locations, and as 
a result, data were analyzed separately for each location. Row spacing and hybrid were 
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included in the model as fixed effects, and replication and its interactions with fixed effects 
were included as random effects. Although five target planting densities were chose for this 
study, actual stands varied according to row spacing and hybrid due to differences in planter 
settings and seed quality, respectively. Thus, stand count was used as a covariate and yield 
means were predicted at the five desired levels of plant density using quadratic regression. 
Normality of residuals and potential outliers were assessed using PROC UNIVARIATE.  
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Results and Discussion 
Weather 
 Daily weather conditions (temperature and precipitation) for Champaign, IL and 
Rushville, IL were collected from regional NOAA weather stations (National Oceanic and 
Atmospheric Administration, Silver Spring, MD).  The weather data (temperature and 
precipitation) for each site year are displayed in Figures 1, 2, and 3.  
Conditions at Champaign in 2012 were characterized by record drought. Additionally, 
lack of precipitation was accompanied by extreme heat in the middle of vegetative growth. 
High temperatures continued to occur into early grain fill, and drought conditions persisted 
even though intermittent showers occurred. More seasonal temperatures along with 
precipitation began to occur toward the middle of the grain filling period, and conditions 
gradually improved as the crop matured.  Despite record high temperatures and inadequate 
soil moisture for the majority of the growing season, the Champaign location in 2012 achieved 
an average yield of 10.2 Mg ha-1 (190.1 bu ac-1).  
 Weather conditions at Rushville in 2012 were similar to Champaign. The majority of the 
summer was hot and dry, and the Rushville location experienced temperatures in excess of 40  
oC (104 oF). Like Champaign, temperatures temporarily returned to more seasonal levels during 
mid grain fill, but then increased later in grain filling. Unlike Champaign, Rushville did not 
receive the late season rain events and ended the season with 15 cm (6 in) less total 
precipitation compared to Champaign.  Despite seemingly insufficient moisture, yields 
measured at Rushville were still greater than expected. Overall, the yield at Rushville was 9.5 
Mg ha-1 (179.7 bu ac-1). 
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 Weather conditions at Champaign in 2013 were more supportive of high yields. 
Temperatures were more consistent with the 10-yr average, and rainfall was more frequent 
than the previous year. As a result, yields averaged 11.8 Mg ha-1 (222.2 bu ac-1). The greater 
average yield is likely attributed to the cooler temperatures experienced during flowering that 
were accompanied by timely rainfall.  
Statistical Analysis  
 The main effects of hybrid and plant density accounted for the greatest amount of total 
variation (P ≤ 0.1, Table 3). Yield components (kernel number and kernel weight) were 
significantly affected by row spacing in 2012 at both locations (Table 4), but only influenced 
grain yield at one location, Rushville. The interaction between hybrid and row spacing was a 
significant source of variation for grain yield and kernel number at all three locations. Similarly, 
the interaction between plant density and hybrid was a significant source of variation for grain 
yield at all three sites, and for kernel number at two of the three sites.  
Plant Density 
 Plant density was a major source of variation for grain yield at two of the three sites. In 
Champaign during 2012 (Figure 4), plant density did not influence yield when averaged across 
hybrids. Similar yields of 9.9 Mg ha-1 (185 bu ac-1) were achieved at 62,000 plants per hectare 
and at 111,000 plants per hectare. The poor response to increased density at Champaign in 
2012 was accompanied by greatly reduced kernel weights of approximately 30 mg less per 
kernel at higher planting density (Fig. 7).  Kernel number on a per-area basis increased from 
3550 kernels m-2 at 62,000 plants per hectare, to over 4000 kernels m-2 at 98,000 plants per 
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hectare and above (Fig. 10). Thus, yields were stable across densities due to the compensating 
effect of these extra kernels. Also, this data suggested that yield will only respond positively to 
increased plant density in environments which do not lead to reductions in kernel weight as a 
result of greater inter-plant competition, this hypothesis is supported by the results measured 
at Champaign in 2013 (Fig. 9). As plant density increased at this location, kernel weight still 
decreased, but reductions were more modest (< 5 milligrams per kernel) compared to the 
drought environments of Champaign and Rushville in 2012. In these poor environments, kernel 
weight decreased by approximately 25 milligrams per kernel as density increased from 61,750 
to 111,150 plants per hectare.  
Hashemi et al. (2005) found that kernel yield per plant has a linear response to density, 
and concluded that this was mainly due to a decrease in the number of kernels in each kernel 
row. This finding indicates that as plant density increases, ear sizes gets smaller, and a major 
emphasis in high yield production in the future will be to limit the amount ear size decreases as 
plant densities increase. Response patterns for kernel number in this experiment were 
generally similar to those for grain yield, and number on a per-area basis increased as planting 
density increased (Figs. 10 through 12). Kernel number increases at the density responsive 
locations (Rushville 2012 and Champaign 2013) ranged from approximately 300 to 600 kernels 
per square meter depending on location and row spacing (Figs. 11 and 12).  These results are 
consistent with Maddonni et al. (2006) who found that increasing plant density increases grain 
yield and kernel number; however, they also found that plant density has an adverse effect on 
kernel weight.  
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 The density responsiveness of the Champaign location in 2013 was presumably a result 
of abundant soil moisture and mild temperatures. In high yield environments such as 
Champaign (2013), the optimum plant density is often greater than that of more stressful 
environments (Nafziger, 2009). In fact at 111,000 plants per hectare (Fig. 6), the yield was over 
12.4 Mg ha-1 (233 bu ac-1), and appeared to be still increasing, suggesting that the optimum 
plant density in this environment had not been reached. Despite lack of adequate rainfall, 
Rushville in 2012 (Fig. 5) exhibited a linear relationship between yield and plant density when 
planted in narrow rows. This result may indicate that narrow rows could be a useful practice for 
managing plant density in dry regions of the United States. Overall, these results support 
Stanger and Lauer (2006) who concluded that maximum corn yields often occur at planting 
densities in excess of 100,000 plants per hectare. 
Row Spacing  
 One objective of this experiment was to investigate if narrow row spacing (0.51 m) was 
superior in yield to conventional row spacing (0.76 m). In the analysis, the main effect of row 
spacing (Table 4) did influence grain yield at Rushville in 2012, but not at the other two 
locations. In 2012, however, row spacing influenced kernel weight and kernel number at both 
sites, and in 2013 row spacing influenced kernel number. While the responses for kernel 
weights trend downward, there are encouraging signs that narrow rows at high plant densities 
can maintain greater kernel weights compared to conventional rows. This is indicated by the 
narrow row curve that slightly levels off at the higher plant densities in both Champaign and 
Rushville in 2012 (Figs 7 and 8). The same can be said about kernel number (Figs 10 and 11); in 
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narrow rows plant density is allowed to be higher without having a penalty that results in less 
kernels per meter squared.  
When plant density is averaged to examine the main effect of row spacing, it is more 
apparent that row spacing is inconsistent. Champaign 2012 resulted in the best response to row 
spacing when averaged over all plant densities (Table 5).  There were five hybrids that 
demonstrated significant responses to row spacing at this location; four out of the five favored 
narrow rows. Four of the five hybrids that had significant yield increases also had significant 
differences in kernel number. In the same year at the Rushville location (Table 6), there were 
eight hybrids with significant yield differences; six hybrids favored narrow rows and two hybrids 
favored conventional row spacing. Half of the eight responsive hybrids demonstrated significant 
differences in kernel number.  In the experiment conducted in 2013 at Champaign (Table 7) 
there were four hybrids that demonstrated significant differences between the levels of row 
spacing. Three of the four hybrids that exhibited a difference in yield expressed a significant 
difference in kernel number. These data aid in the demonstration that with the goal of higher 
yields, a major emphasis is going to have to be placed on achieving higher kernel number.  
Hybrid 
 It is well documented that hybrids respond differently in stressful conditions. One of the 
objectives of this study was to examine the responses of hybrids to row spacing and plant 
density. Hybrid was a major source of variation (Table 3) at all locations. Hybrid as a main effect 
influenced grain yield in each location; however, yield components were affected by hybrid at 
specific locations. Kernel weight was influenced by hybrid in both locations in 2012, while 
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kernel number was only affected in Rushville 2012. One theory on why kernel weight was not 
affected in Champaign 2013 is that the yielding environment allowed hybrids to remain 
somewhat constant (< 5 mg decrease) in kernel weight (Fig 9) thus allowing the kernels to fill 
out more completely even at higher plant densities.  
Hybrid interacting with other main effects was also a major source of variation in this 
experiment.  Another interesting interaction is hybrid x plant density. Upon further 
investigation of this interaction, it was discovered that certain hybrids tolerate density better 
than others. This could be due to any number of hybrid characteristic that particularly get 
expressed when the plant is stressed (i.e. crowded). These hybrid characteristics may include: 
reduced kernel abortion, increased water use efficiency, decreased root lodging, or some other 
inherent stress resistance that has been bred into the hybrids over time.  
Spacing x Hybrid 
The spacing x hybrid interaction caused significant variation in grain yield and kernel 
number in all three experimental sites. This is consistent with Widdicombe and Thelen’s work in 
2002, where they found a strong hybrid x spacing interaction, and suggested that some hybrids 
perform better in narrow rows. An example of a hybrid that prefers narrow rows is Pioneer 
P1184XR. When grown in narrow rows, this hybrid had a yield increase of 1.53 Mg ha-1 (29 bu 
ac-1) in Champaign 2012 (Table 5). Similarly, in Rushville 2012 (Table 6) P1184XR achieved a 
significant yield increase, when grown in narrow rows, of 0.67 Mg ha-1 (13 bu ac-1).  
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Spacing x Density 
Row spacing and plant density had a significant quadratic influence on yield at all three 
locations. This is evident at Rushville 2012 (Fig 5), where there is a trend for greater yields at 
increased plant densities. Narrow rows yielded 10 Mg ha-1 (188 bu ac-1) at 99,000 plants per 
hectare and nearly 10.2 Mg ha-1 (192 bu ac-1) at 111,000 plants per hectare. The conventional 
row spacing (0.76m) increased at the same rate as the narrow rows (0.51m) until it reached a 
maximum yield of approximately 9.9 Mg ha-1 (185 bu ac-1). When the conventional rows 
reached their maximum yield, narrow rows continued to increase in yield. While Rushville was 
not the highest yielding environment, it still achieved a positive response to population in 
narrow rows.  The same trend can be seen at the other locations (Fig 4 and 6). While not 
statistically significant, narrow rows trended higher in yield with increased density. It is 
encouraging to see the highest yield in narrow rows at what is currently considered ultra-
optimum plant densities, and this potential attribute of narrow rows may provide corn 
producers with a tool to manage increased seeding rates in the future.  
Hybrid x Spacing x Plant Density  
One potential way to manage hybrids that do not respond well to increased plant 
density might be to plant them in narrow rows. At Champaign in 2012 (Table 8), Pioneer 35K04 
achieved the same yield (approximately 9.2 Mg ha-1 (173 bu ac-1)) in conventional row spacing 
at all levels of plant density. This would suggest that this hybrid does not necessarily tolerate 
higher plant densities. When the same hybrid, however, was planted in narrow rows, yield 
increased from 10.5 Mg ha-1 (197 bu ac-1) at 62,000 plants per hectare, up to 11 Mg ha-1 (207 bu 
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ac-1) at 86,000 plants per hectare. This density (86,000 plants per hectare) was where most 
hybrids reached maximum yield (Fig 4) in the 2012 Champaign environment. At the Rushville 
location, Garst 85V88-3000GT increased in yield up to 9.8 Mg ha-1 (184 bu ac-1) at 86,000 plants 
per hectare in conventional row spacing, but when it was grown in narrow rows yields 
increased to 10.4 Mg ha-1 (196 bu ac-1) at 111,000 plants per hectare. Similarly, in Champaign 
(2013), Croplan 6914AS3000GT increased in yield up to 11.9 Mg ha-1 (224 bu ac-1) at 86,000 
plants per hectare in conventional rows, but densities beyond this optimum promoted lower 
yields. The same hybrid grown in narrow rows did not reach its optimum plant density until 
111,000 plants per hectare where it yielded 13.4 Mg ha-1 (252 bu ac-1). These data demonstrate 
the importance of hybrid selection for narrow row corn production. 
While the cause is not immediately obvious, narrow row yields were often less than 
conventional rows at lower levels of plant density. This trend was most apparent at Champaign 
in 2013 (Fig 6). In this instance, conventional rows performed better than narrow rows at 
densities less than or equal to 86,000 plants per hectare. At this level of density, conventional 
rows yielded 11.4 Mg ha-1 (214 bu ac-1), and the narrow rows yielded 11 Mg ha-1 (207 bu ac-1). 
The same trend was occurred at the Rushville location in 2012 (Fig 5).  
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Summary and Conclusion 
 The two years included in this study experienced very different weather conditions. 
Drought conditions occurred at both locations in 2012, which increased stresses associated 
with interplant competition.  In contrast, the 2013 growing season brought a cooler, milder 
weather pattern that was accompanied by ample rainfall. Thus, the three site-years included in 
this study provided contrasting environments in which to test plant density and row spacing 
responses for a panel of commercial corn hybrids.  
Average yields across all plant densities for Champaign 2012 were 9.9 Mg ha-1 (185 bu 
ac-1) and 10.4 Mg ha-1 (196 bu ac-1) for conventional and narrow rows, respectively. This was 
the site that had the largest increase in grain yield for narrow rows. At the Rushville location, 
conventional rows averaged 9.5 Mg ha-1 (179 bu ac-1) and narrow row averaged 9.6 Mg ha-1 
(180 bu ac-1). At Champaign in 2013, the average for conventional rows was 11.9 Mg ha-1 (224 
bu ac-1) while narrow rows yielded 11.8 Mg ha-1 (222 bu ac-1). Therefore, the results from these 
trials lead to the conclusion that the benefit of narrow rows relative to standard 0.76 m row 
spacing is inconsistent. While narrow row spacing was often not significantly different from 
conventional spacing, two trends were noted that suggest a row spacing x plant density 
interaction. The most encouraging trend is that narrow row spacing appears to promote a 
greater optimum plant density. This was particularly noticeable at Champaign 2013 and 
Rushville 2012. Both of these sites exhibit a mostly linear relationship between grain yield and 
plant density for narrow rows, so much that neither location resulted in a plateau for grain yield 
in response to density. One puzzling trend was the apparent poor performance of narrow rows 
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at plant densities less than or equal to 86,000 plants per hectare. This trend was observed at 
both Champaign 2013 and Rushville 2012.  
A hybrid x spacing interaction was observed at all sites for grain yield. Specific hybrids in 
this experiment yielded better in narrow rows compared to conventional rows. Most hybrids, 
however, that are well suited to be grown in conventional rows are going to be well suited for 
narrow row corn production as well. Only one hybrid out of the 64 that were included in this 
experiment demonstrated a negative response to being grown in narrow rows.  
Spacing had an effect on yield components, both kernel weight and kernel number in 
2012, and kernel number in 2013. It is evident that in 2012 (Figs 7 and 8), kernel weights for 
narrow rows decreased somewhat less relative to conventional rows with increasing density. 
This is an encouraging sign that the detriments of increase plant density may be managed by 
decreasing row spacing, thus allowing kernels to fill out more.  Kernel weight is only part of the 
equation as kernel number will also need to increase to achieve higher yields in the future. It is 
no surprise that kernel number in this experiment is greatest at the higher planting densities, 
and narrow rows may promote even greater increases in kernel number (Figs 10 and 11). 
Overall, grain yield between row spacing varied between locations. However, trends 
that demonstrate narrow rows may have an advantage with greater plant densities is an 
encouraging sign that competition resulting from increased plant density can be further 
managed. From this experiment, I conclude that if a producer is going to use narrow rows, it is 
best to do so in combination with higher plant densities. This will offer the best way to increase 
kernel number while managing the detrimental effect of plant density on individual kernel 
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weight. Hybrid selection may also prove to be important when decreasing row spacing, as some 
hybrids might perform better in narrow rows. Future studies should continue to elucidate the 
mechanisms underlying the row spacing x hybrid interaction as well as the factors associated 
with inconsistent response to narrow row spacing. 
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Tables 
Table 1 Hybrids for the experiments in 2012 
Brand Hybrid Trait Relative Maturity 
    Croplan 6914 AS3000GT 114 
Croplan 6960 VT3P 114 
Croplan 7505 VT3P 115 
FS 61BV3 VT3 111 
FS 63MV4 VT3 113 
DEKALB DKC61-21 SSTX 111 
DEKALB DKC62-63 VT3P 112 
DEKALB DKC62-97 VT3P 112 
DEKALB DKC63-84 VT3 113 
DEKALB DKC64-69 VT3P 114 
Pioneer 35K04 HXX 106 
Pioneer P1184XR HXX 111 
Pioneer P1395XR HXX 113 
Garst 84A40-3000GT Agrisure 3000GT 111 
Garst 85V88-3000GT Agrisure 3000GT 107 
Golden Harvest H-9138 Agrisure 3000GT 114 
NK N63R-3000GT Agrisure 3000GT 109 
NK N68B-3111 Agrisure 3111 111 
NK N72A-3111 Agrisure 3111 112 
NK N74R-3000GT Agrisure 3000GT 114 
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 Table 2 Hybrids for the experiment in 2013 
 
 
Brand Hybrid Trait Relative Maturity 
    Croplan 6914 AS3000GT 114 
Croplan 6960 VT3P 114 
Croplan 7505 VT3P 115 
Channel 209-53 SmartStax RIB 109 
Channel 211-24 SmartStax RIB 111 
Channel 215-82 VT3P RIB 115 
DEKALB DKC61-21  SSTX 111 
DEKALB DKC62-08  SmartStax RIB 112 
DEKALB DKC62-63  VT3P 112 
DEKALB DKC62-97  VT3P RIB 112 
Stone 6258 SmartStax RIB 112 
Stone 6358 SmartStax RIB 113 
Pioneer P1395XR HXX 113 
Garst 85V88-3000GT Agrisure 3000GT 107 
NK N63H-3111 Agrisure Viptera 3111 109 
NK N63R-3000GT Agrisure 3000GT 109 
NK N65D-3122 Agrisure 3122 E-Z Refuge 110 
NK N68B-3111 Agrisure 3111 111 
NK N70J-4011 Agrisure Artesian 4011 112 
NK N71U-3122 Agrisure 3122 E-Z Refuge 113 
NK N74G-3000GT  Agrisure 3000GT 113 
NK N79Z-3000GT Agrisure 3000GT 115 
Wyffels W6487 VT3P RIB 110 
Wyffels W7477  VT3P 112 
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Table 3 Analysis of variance for the effects of row spacing, hybrid, and plant density on grain yield and yield components. Model for hybrid x 
density interaction using stand count as covariate. 
 
 
 
 
Rushville 2012  Champaign 2012  Champaign 2013 
Main Effect Yield 
Kernel 
wt 
Kernel 
number 
 
Yield 
Kernel 
wt 
Kernel 
number 
 
Yield 
Kernel 
wt 
Kernel 
number 
Spacing 0.387 0.2788 0.8205  0.284 0.7820 0.2154  0.6548 0.4621 0.3607 
Hybrid <.0001 <.0001 <.0001  0.021 0.0200 0.1055  0.0078 0.9588 0.5388 
Spacing*Hybrid <.0001 0.9780 0.0025  0.001 0.1161 0.0042  0.0082 0.6721 0.0188 
Stand <.0001 <.0001 <.0001  0.09 <.0001 0.0090  <.0001 0.5730 0.0350 
Stand*Hybrid <.0001 0.0219 <.0001  0.007 0.4450 0.0468  0.0204 0.9442 0.4857 
Stand*Stand*Hybrid <.0001 <.0001 <.0001  0.001 0.1377 0.0034  0.0001 0.9428 0.2695 
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Table 4 Analysis of variance for the effects of row spacing, hybrid, and plant density on yield and yield components. Model for spacing x 
density interaction using stand count as a covariate. 
 
 
 
 
 
 
Rushville 2012  Champaign 2012  Champaign 2013 
Main Effect Yield 
Kernel 
weight 
Kernel 
number 
 
Yield 
Kernel 
wt 
Kernel 
number 
 
Yield 
Kernel 
weight 
Kernel 
number 
Spacing <.0001 0.0814 0.0006  0.2397 0.0513 0.0767  0.1195 0.8282 0.2195 
Hybrid <.0001 <.0001 <.0001  <.0001 <.0001 <.0001  <.0001 0.0749 0.0002 
Spacing*Hybrid <.0001 0.9914 0.0029  0.0007 0.1517 0.0033  0.0052 0.6888 0.0154 
Stand <.0001 0.0145 <.0001  0.2532 0.0463 0.1687  <.0001 0.6495 0.0089 
Stand*Spacing <.0001 0.0899 0.0006  0.2129 0.036 0.0616  0.2981 0.8538 0.3292 
Stand*Stand*Spacing <.0001 <.0001 <.0001  0.0222 0.0065 0.0039  <.0001 0.8291 0.2037 
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Table 5 Hybrids yield, kernel weight, and kernel number differences between row spacing at Champaign, Illinois in 2012. Values are averaged 
over plant densities.  
 
Mg hectare-1 kernel weight (mg) Kernel number m² 
Hybrid 76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 35K04 9.2 9.7 0.53 
 
251.7 256.5 4.8 
 
3658 3793 135 
 61BV3 9.7 10.4 0.76 * 294.6 285.3 -9.3 * 3290 3677 387 ** 
63MV4 9.9 10.6 0.68 
 
279.3 282.6 3.3 
 
3565 3773 208 
 6914 10.7 10.9 0.18 
 
245.4 246.3 0.9 
 
4356 4444 87 
 6960 10.5 10.6 0.05 
 
274.2 276.5 2.3 
 
3844 3838 -6 
 7505 10.0 10.6 0.66 
 
246.6 247.3 0.8 
 
4043 4309 266 
 84A40-3000GT 9.8 10.6 0.85 ** 239.3 247.6 8.3 
 
4106 4304 197 
 85V88-3000GT 9.1 9.9 0.76 * 280.6 277.9 -2.7 
 
3238 3556 318 * 
DKC61-21 10.3 9.7 -0.59 
 
233.0 231.1 -1.9 
 
4433 4234 -199 
 DKC62-63 9.9 9.3 -0.60 
 
271.7 272.4 0.7 
 
3652 3437 -215 
 DKC62-97 10.4 10.5 0.08 
 
299.8 284.6 -15.2 *** 3471 3699 228 
 DKC63-84 9.1 9.4 0.30 
 
263.5 268.1 4.7 
 
3442 3508 66 
 DKC64-69 10.6 11.1 0.52 
 
280.1 288.2 8.2 
 
3788 3874 86 
 H-9138 10.6 10.4 -0.22 
 
280.7 275.7 -5.0 
 
3795 3783 -12 
 N63R-3000GT 10.3 10.5 0.26 
 
294.5 289.9 -4.5 
 
3483 3634 150 
 N68B-3111 9.8 9.0 0.80 * 251.1 258.5 7.4 
 
3918 3569 -349 ** 
N72A-3111 10.1 10.1 0.01 
 
253.0 250.9 -2.1 
 
3995 4014 18 
 N74R-3000GT 10.6 10.0 -0.61 
 
284.0 276.1 -7.9 
 
3756 3642 -114 
 P1184XR 9.2 10.8 1.53 *** 284.7 280.7 -4.1 
 
3245 3847 603 *** 
P1395XR 8.9 8.6 -0.26 
 
269.4 269.4 0.0 
 
3299 3198 -101 
 * significant at .1 
** significant at .05 
*** significant at .01 
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Table 6 Hybrids yield, kernel weight, and kernel number differences between row spacing at Rushville, Illinois in 2012. Values are averaged 
over plant densities. 
 
 
Mg hectare-1 kernel wt kernel number 
Hybrid 76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 35K04 8.9 8.6 -0.31 
 
241.4 240.3 -1.0 
 
3553 3455 -98 
 61BV3 10.1 10.5 0.45 
 
296.1 296.8 0.6 
 
3257 3417 160 
 63MV4 9.5 9.6 0.08 
 
273.4 281.8 8.5 
 
3347 3281 -66 
 6914 9.9 10.0 0.14 
 
229.4 237.9 8.5 
 
4141 4051 -90 
 6960 10.6 12.2 1.54 *** 271.7 280.7 9.0 
 
3748 4151 404 *** 
7505 9.9 9.5 -0.42 
 
251.2 249.7 -1.5 
 
3772 3653 -119 
 84A40-3000GT 9.4 9.8 0.34 
 
225.9 234.5 8.6 
 
3981 3994 13 
 85V88-3000GT 9.6 10.3 0.65 * 281.7 284.4 2.7 
 
3265 3466 201 
 DKC61-21 9.9 9.9 0.05 
 
231.2 237.0 5.8 
 
4090 4054 -37 
 DKC62-63 9.7 10.4 0.69 * 259.9 259.2 -0.7 
 
3568 3834 265 
 DKC62-97 9.5 9.1 -0.41 
 
293.9 298.9 5.0 
 
3111 2928 -183 
 DKC63-84 8.5 8.5 -0.04 
 
264.5 269.4 4.9 
 
3098 3028 -69 
 DKC64-69 10.5 10.5 0.01 
 
275.2 273.2 -2.0 
 
3652 3677 25 
 H-9138  9.4 8.4 -0.97 ** 270.7 271.6 0.9 
 
3319 2982 -337 ** 
N63R-3000GT 9.4 8.7 -0.79 
 
289.5 292.1 2.6 
 
3116 2840 -276 * 
N68B-3111 8.7 8.8 0.03 
 
245.3 249.4 4.0 
 
3397 3373 -25 
 N72A-3111 8.7 8.1 -0.65 * 233.8 237.4 3.7 
 
3571 3254 -317 ** 
N74R-3000GT 9.0 9.7 0.70 * 271.2 274.8 3.6 
 
3180 3373 194 
 P1184XR 9.6 10.2 0.67 * 270.2 273.4 3.3 
 
3387 3596 209 
 P1395XR 8.5 9.8 1.27 *** 261.2 269.3 8.1 
 
3126 3532 406 *** 
* significant at .1 
** significant at .05 
*** significant at .01 
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Table 7 Hybrids yield, kernel weight, and kernel number differences between row spacing at Champaign, Illinois in 2013. Values are averaged 
over plant densities.   
 
Mg hectare-1 
 
Kernel wt 
 
Kernel number 
 Hybrid 76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 209-53 12.1 12.0 -0.1 
 
273.6 269.7 -3.9 
 
4438 4486 48 
 211-24 12.4 12.3 -0.1 
 
268.8 272.2 3.38 
 
4713 4595 -118 
 215-82 12.0 11.9 0.0 
 
266.6 268.4 1.73 
 
4558 4486 -72 
 6258 11.6 11.2 -0.4 
 
273.1 277.8 4.69 
 
4311 4075 -235 
 6358 12.0 11.9 -0.1 
 
275.6 279.6 3.94 
 
4387 4259 -128 
 6914 11.9 12.6 0.7 * 270 256.7 -13 
 
4473 4957 484 ** 
6960 12.1 10.7 -1.4 *** 269.2 282.2 13 
 
4547 3831 -717 *** 
7505 11.5 12.2 0.8 ** 262.8 255.2 -7.5 
 
4389 4887 498 ** 
85V88-3000GT 12.3 12.1 -0.2 
 
266.9 274.6 7.67 
 
4654 4487 -167 
 DKC61-21  12.3 11.9 -0.4 
 
281.3 289 7.69 
 
4413 4120 -294 
 DKC62-08  11.5 12.2 0.8 ** 268.7 269.8 1.1 
 
4303 4611 308 
 DKC62-63  11.7 11.2 -0.6 
 
262.1 273.8 11.8 
 
4523 4111 -413 * 
DKC62-97  11.4 11.5 0.1 
 
274.4 264.5 -9.9 
 
4211 4405 195 
 N63H-3111 11.7 11.2 -0.5 
 
271.7 264.3 -7.4 
 
4336 4290 -46 
 N63R-3000GT 11.7 11.9 0.2 
 
269.9 271.7 1.76 
 
4378 4408 30 
 N65D-3122 11.2 11.4 0.2 
 
275.7 273.6 -2.1 
 
4123 4224 101 
 N68B-3111 11.8 11.7 -0.1 
 
280.7 280.2 -0.5 
 
4262 4237 -24 
 N70J-4011 11.7 11.9 0.2 
 
260.1 286.2 26.2 ** 4539 4171 -368 * 
N71U-3122 11.5 11.2 -0.2 
 
263.3 266.9 3.57 
 
4382 4235 -148 
 N74G-3000GT 11.5 11.7 0.3 
 
267.1 276 8.89 
 
4331 4301 -30 
 N79Z-3000GT 12.7 12.2 -0.4 
 
265.5 261.2 -4.3 
 
4814 4719 -95 
 P1395XR 11.9 11.8 -0.1 
 
264.9 281.9 17 
 
4541 4225 -316 
 W6487  11.8 11.2 -0.6 
 
275.8 271.4 -4.4 
 
4309 4188 -121 
 W7477  12.2 12.1 0.0 
 
275.8 274.9 -0.9 
 
4457 4437 -20 
 * significant at .1 
** significant at .05 
*** significant at .01 
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Table 8 Hybrid responses to row spacing at specific plant densities at Champaign, Illinois in 2012. 
 
62000 
 
74000 
 
86000 
 
99000 
 
111000 
 Hybrid 76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 35K04 9.0 9.4 0.3 
 
9.2 9.7 0.6 
 
9.2 9.9 0.7 
 
9.2 9.9 0.7 
 
9.2 9.8 0.6 
 61BV3 9.5 10.0 0.5 
 
9.7 10.4 0.7 * 9.7 10.6 0.8 * 9.7 10.6 0.8 * 9.7 10.4 0.8 * 
63MV4 9.8 10.3 0.5 
 
9.9 10.7 0.8 * 10.0 10.8 0.9 ** 10.0 10.9 0.9 ** 9.9 10.7 0.8 * 
6914 10.6 10.5 0.0 
 
10.7 10.9 0.2 
 
10.7 11.1 0.3 
 
10.8 11.1 0.3 
 
10.7 10.9 0.2 
 6960 10.4 10.2 -0.3 
 
10.6 10.5 -0.1 
 
10.6 10.7 0.1 
 
10.6 10.7 0.1 
 
10.6 10.6 0.0 
 7505 9.8 10.3 0.5 
 
9.9 10.6 0.7 * 9.9 10.8 0.8 * 10.0 10.8 0.8 * 9.9 10.6 0.7 
 84A40-3000GT 9.7 10.3 0.6 
 
9.8 10.6 0.8 * 9.8 10.8 0.9 ** 9.9 10.8 1.0 ** 9.8 10.7 0.9 * 
85V88-3000GT 9.1 9.5 0.4 
 
9.2 9.8 0.6 
 
9.2 10.0 0.7 * 9.3 10.0 0.8 * 9.2 9.9 0.7 
 DKC61-21 10.2 9.4 -0.8 * 10.3 9.7 -0.6 
 
10.4 9.9 -0.5 
 
10.4 9.9 -0.5 
 
10.4 9.8 -0.6 
 DKC62-63 9.8 8.9 -0.8 * 9.9 9.3 -0.6 
 
10.0 9.4 -0.5 
 
10.0 9.5 -0.5 
 
9.9 9.3 -0.6 
 DKC62-97 10.3 10.2 -0.1 
 
10.4 10.5 0.1 
 
10.4 10.7 0.2 
 
10.5 10.7 0.2 
 
10.4 10.6 0.2 
 DKC63-84 8.9 9.0 0.1 
 
9.0 9.4 0.3 
 
9.1 9.5 0.4 
 
9.1 9.6 0.4 
 
9.1 9.4 0.4 
 DKC64-69 10.5 10.8 0.3 
 
10.6 11.1 0.5 
 
10.6 11.3 0.6 
 
10.7 11.3 0.6 
 
10.6 11.2 0.6 
 H-9138  10.5 10.1 -0.4 
 
10.7 10.5 -0.2 
 
10.7 10.6 -0.1 
 
10.7 10.7 -0.1 
 
10.7 10.5 -0.2 
 N63R-3000GT 10.1 10.2 0.1 
 
10.3 10.5 0.3 
 
10.3 10.7 0.4 
 
10.3 10.7 0.4 
 
10.3 10.6 0.3 
 N68B-3111 9.8 8.9 -0.9 * 9.9 9.2 -0.7 
 
9.9 9.4 -0.6 
 
10.0 9.4 -0.6 
 
9.9 9.2 -0.7 
 N72A-3111 9.9 9.7 -0.3 
 
10.1 10.0 -0.1 
 
10.1 10.2 0.1 
 
10.1 10.2 0.1 
 
10.1 10.1 0.0 
 N74R-3000GT 10.5 9.6 -0.9 * 10.6 10.0 -0.7 
 
10.7 10.1 -0.5 
 
10.7 10.1 -0.5 
 
10.6 10.0 -0.6 
 P1184XR 9.1 10.5 1.4 *** 9.2 10.8 1.6 *** 9.3 11.0 1.7 *** 9.3 11.0 1.7 *** 9.2 10.9 1.7 *** 
P1395XR 8.7 8.2 -0.5 
 
8.8 8.6 -0.3 
 
8.9 8.7 -0.2 
 
8.9 8.8 -0.2 
 
8.9 8.6 -0.2 
 
* significant at .1 
** significant at .05 
*** significant at .01 
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Table 9 Hybrid responses to row spacing at specific plant densities at Rushville, Illinois in 2012. 
 
62000 
 
74000 
 
86000 
 
99000 
 
111000 
 Hybrid 76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 35K04 8.6 8.5 0.0 
 
9.0 8.6 -0.4 
 
9.2 8.7 -0.6 
 
9.3 8.7 -0.5 
 
9.0 8.8 -0.3 
 61BV3 9.7 10.4 0.7 * 10.1 10.4 0.3 
 
10.3 10.5 0.2 
 
10.3 10.6 0.2 
 
10.1 10.6 0.5 
 63MV4 9.1 9.5 0.4 
 
9.5 9.6 0.1 
 
9.8 9.7 -0.1 
 
9.8 9.7 -0.1 
 
9.6 9.8 0.2 
 6914 9.4 9.9 0.5 
 
9.9 10.0 0.1 
 
10.1 10.1 0.0 
 
10.1 10.1 0.0 
 
9.9 10.2 0.3 
 6960 10.2 12.1 1.9 *** 10.7 12.2 1.5 *** 10.9 12.2 1.3 *** 10.9 12.3 1.4 *** 10.7 12.4 1.6 *** 
7505 9.4 9.4 0.0 
 
9.8 9.5 -0.3 
 
10.0 9.5 -0.5 
 
10.1 9.6 -0.5 
 
9.9 9.6 -0.2 
 84A40-3000GT 9.0 9.6 0.7 
 
9.4 9.7 0.3 
 
9.6 9.8 0.1 
 
9.6 9.8 0.2 
 
9.4 9.9 0.4 
 85V88-3000GT 9.1 10.1 1.0 ** 9.6 10.2 0.7 * 9.8 10.3 0.5 
 
9.8 10.3 0.5 
 
9.6 10.4 0.8 * 
DKC61-21 9.5 9.9 0.5 
 
9.9 10.0 0.1 
 
10.1 10.1 -0.1 
 
10.2 10.1 0.0 
 
10.0 10.2 0.2 
 DKC62-63 9.3 10.0 0.7 * 9.7 10.0 0.3 
 
9.9 10.1 0.2 
 
10.0 10.2 0.2 
 
9.8 10.2 0.5 
 DKC62-97 9.3 9.1 -0.2 
 
9.7 9.1 -0.6 
 
9.9 9.2 -0.7 * 10.0 9.3 -0.7 * 9.8 9.3 -0.4 
 DKC63-84 8.1 8.3 0.3 
 
8.5 8.4 -0.1 
 
8.8 8.5 -0.3 
 
8.8 8.5 -0.2 
 
8.6 8.6 0.0 
 DKC64-69 10.0 10.3 0.3 
 
10.4 10.4 0.0 
 
10.7 10.5 -0.2 
 
10.7 10.5 -0.1 
 
10.5 10.6 0.1 
 H-9138  8.9 8.3 -0.5 
 
9.3 8.4 -0.9 ** 9.5 8.4 -1.1 *** 9.5 8.5 -1.0 *** 9.3 8.6 -0.8 * 
N63R-3000GT 9.1 8.7 -0.4 
 
9.6 8.8 -0.8 ** 9.8 8.8 -1.0 ** 9.8 8.9 -0.9 ** 9.6 8.9 -0.7 
 N68B-3111 8.5 8.7 0.3 
 
8.9 8.8 -0.1 
 
9.2 8.9 -0.3 
 
9.2 8.9 -0.2 
 
9.0 9.0 0.0 
 N72A-3111 8.4 8.0 -0.4 
 
8.8 8.1 -0.7 * 9.0 8.1 -0.9 ** 9.0 8.2 -0.9 ** 8.8 8.2 -0.6 
 N74R-3000GT 8.6 9.6 1.0 ** 9.0 9.7 0.7 * 9.2 9.7 0.5 
 
9.3 9.8 0.5 
 
9.0 9.8 0.8 * 
P1184XR 9.2 10.1 1.0 ** 9.6 10.2 0.6 
 
9.8 10.3 0.4 
 
9.8 10.3 0.5 
 
9.6 10.4 0.7 * 
P1395XR 8.0 9.7 1.6 *** 8.5 9.7 1.2 *** 8.7 9.8 1.1 *** 8.7 9.9 1.1 *** 8.5 9.9 1.4 *** 
* significant at .1 
** significant at .05 
*** significant at .01 
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Table 10 Hybrid responses to row spacing at specific plant densities at Champaign, Illinois in 2013. 
 
62000 
 
74000 
 
86000 
 
99000 
 
111000 
 Hybrid 76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 
76 51 Δ 
 209-53 11.7 11.2 -0.5 
 
12.0 11.7 -0.3 
 
12.3 12.2 -0.1 
 
12.4 12.5 0.0 
 
12.5 12.6 0.1 
 211-24 11.9 11.6 -0.3 
 
12.3 12.1 -0.2 
 
12.5 12.5 0.0 
 
12.7 12.8 0.1 
 
12.8 13.0 0.2 
 215-82 11.6 11.1 -0.4 
 
11.9 11.7 -0.2 
 
12.2 12.1 -0.1 
 
12.3 12.4 0.1 
 
12.4 12.6 0.2 
 6258 11.1 10.4 -0.7 * 11.5 11.0 -0.5 
 
11.8 11.4 -0.4 
 
11.9 11.7 -0.2 
 
12.0 11.9 -0.1 
 6358 11.5 10.9 -0.6 
 
11.8 11.5 -0.4 
 
12.1 11.9 -0.2 
 
12.3 12.2 -0.1 
 
12.3 12.4 0.0 
 6914 11.3 12.0 0.7 * 11.6 12.5 0.9 ** 11.9 12.9 1.0 ** 12.0 13.2 1.2 *** 12.1 13.4 1.3 *** 
6960 11.6 9.9 -1.7 *** 12.0 10.4 -1.5 *** 12.2 10.8 -1.4 *** 12.4 11.1 -1.2 *** 12.4 11.3 -1.1 *** 
7505 10.8 11.3 0.5 
 
11.1 11.9 0.7 * 11.4 12.3 0.9 ** 11.6 12.6 1.0 ** 11.6 12.7 1.1 ** 
85V88-3000GT 11.9 11.3 -0.6 
 
12.2 11.8 -0.4 
 
12.5 12.3 -0.2 
 
12.6 12.6 -0.1 
 
12.7 12.7 0.0 
 DKC61-21  12.0 11.1 -0.9 ** 12.3 11.7 -0.7 
 
12.6 12.1 -0.5 
 
12.8 12.4 -0.4 
 
12.8 12.6 -0.3 
 DKC62-08  11.1 11.7 0.6 
 
11.4 12.2 0.8 * 11.7 12.6 0.9 ** 11.8 12.9 1.1 ** 11.9 13.1 1.2 *** 
DKC62-63  11.3 10.4 -0.8 ** 11.6 11.0 -0.7 
 
11.9 11.4 -0.5 
 
12.0 11.7 -0.4 
 
12.1 11.8 -0.3 
 DKC62-97  10.9 10.8 -0.2 
 
11.3 11.3 0.0 
 
11.5 11.7 0.2 
 
11.7 12.0 0.3 
 
11.8 12.2 0.4 
 N63H-3111 11.2 10.4 -0.8 * 11.5 10.9 -0.6 
 
11.8 11.3 -0.4 
 
11.9 11.6 -0.3 
 
12.0 11.8 -0.2 
 N63R-3000GT 11.3 11.1 -0.2 
 
11.6 11.7 0.0 
 
11.9 12.1 0.2 
 
12.1 12.4 0.3 
 
12.1 12.6 0.4 
 N65D-3122 10.8 10.6 -0.1 
 
11.1 11.2 0.1 
 
11.4 11.6 0.2 
 
11.5 11.9 0.3 
 
11.6 12.0 0.5 
 N68B-3111 11.4 11.0 -0.4 
 
11.7 11.5 -0.2 
 
12.0 11.9 0.0 
 
12.1 12.2 0.1 
 
12.2 12.4 0.2 
 N70J-4011 11.2 11.1 -0.1 
 
11.5 11.6 0.1 
 
11.8 12.0 0.2 
 
12.0 12.3 0.4 
 
12.0 12.5 0.5 
 N71U-3122 11.0 10.5 -0.5 
 
11.3 11.0 -0.3 
 
11.6 11.4 -0.2 
 
11.7 11.7 0.0 
 
11.8 11.9 0.1 
 N74G-3000GT 11.0 10.9 0.0 
 
11.3 11.5 0.2 
 
11.6 11.9 0.3 
 
11.7 12.2 0.5 
 
11.8 12.4 0.6 
 N79Z-3000GT 12.2 11.4 -0.8 * 12.5 12.0 -0.6 
 
12.8 12.4 -0.4 
 
13.0 12.7 -0.3 
 
13.0 12.9 -0.2 
 P1395XR 11.4 10.8 -0.6 
 
11.8 11.4 -0.4 
 
12.0 11.8 -0.2 
 
12.2 12.1 -0.1 
 
12.3 12.3 0.0 
 W6487  11.3 10.4 -1.0 ** 11.7 10.9 -0.8 * 11.9 11.3 -0.6 
 
12.1 11.6 -0.5 
 
12.2 11.8 -0.4 
 W7477  11.7 11.4 -0.3 
 
12.0 11.9 -0.1 
 
12.3 12.3 0.0 
 
12.4 12.6 0.2 
 
12.5 12.8 0.3 
 * significant at .1 
** significant at .05 
*** significant at .01 
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Figures 
 
Figure 1 Daily weather conditions at Champaign, Illinois in 2012. 
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Figure 2 Daily weather conditions at Rushville, Illinois in 2012. 
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Figure 3 Daily weather conditions at Champaign, Illinois in 2013. 
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Figure 4 Row spacing responses to plant density at Champaign, Illinois in 2012. Values are averaged 
hybrid grain yields at specific densities and spacing.   
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Figure 5 Row spacing responses to plant density at Rushville, Illinois in 2012. Values are averaged 
hybrid grain yields at specific densities and spacing. 
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Figure 6 Row spacing responses to plant density at Champaign, Illinois in 2013. Values are averaged 
hybrid grain yields at specific densities and spacing. 
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Figure 7 Kernel weight responses to plant density at Champaign, Illinois in 2012. Values are averaged 
hybrid kernel weights at specific densities and spacing. 
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Figure 8 Kernel weight responses to plant density at Rushville, Illinois in 2012. Values are averaged 
hybrid kernel weights at specific densities and spacing. 
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Figure 9 Kernel weight responses to plant density at Champaign, Illinois in 2013. Values are averaged 
hybrid kernel weights at specific densities and spacing. 
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Figure 10 Kernel number responses to plant density at Champaign, Illinois in 2012. Values are 
averaged hybrid kernel numbers at specific densities and spacing. 
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Figure 11 Kernel number responses to plant density at Rushville, Illinois in 2012. Values are averaged 
hybrid kernel numbers at specific densities and spacing. 
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Figure 12 Kernel number responses to plant density at Champaign, Illinois in 2013. Values are 
averaged hybrid kernel numbers at specific densities and spacing. 
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